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BALLISTIC SUMMARY - PART IX
THE SCALE SFFECT AND TFE OCIVE RFFECT

1. For some gyoars the Neval Proving Ground has been assidvously
engaged in tle study of the psnstration of armor by projsctiles. Pureu-
ance of this work tc conclusive cemnite wust he pradicated upon well
substantiated theorise dnfining the psrformsnces of the materials involved
under tae raricue possible conditions.

2. Particularly necessary in ths more ismediately practical field
of armor study sand evsluation ig the used for dspendable plate penetra-
tion charte or tables.  ''n 1943 Lisut. A. V. Hershey, USNR was assigned
the task of preparing such sharte. In prosecution of the assigned task
he conducted an exhaustive study, employed for the first time new methods
of attack and developed new theuries concerning the phenumena incident to
the penetration of plates by projectiles.

Y During the latter years of World War IY, Lieut. Horshey prepared
a series of nine raports which are being publisiwd by the Raval Proving
Ground under titlec as follows:

(1) ANALYTICAL SUMMARY. PART I. THE PHYSICAL PROPERTIES OF S8
UNDER TRIAXIAL STRESS.

Qoject: T summarize the avalleble datm on tha‘phystcal properties
¢f Clase B Armor and ST3 under trisxial stress.

(2) ANALYTICAL SUMMARY. PART II. ELASTIC AND PLASTIC UNDULATIONS
IN ARMOR FLATE.

(bisct: To unalyse the propegation of undulations in armor plate;
to swmmarizs préevious analytical work and to sdd new
snalytical work where veguired in ordsr to complets the

- theory Tor bvalliswic spplications.
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(3) ANALYTICAL SUMMARY. PART III. PLASTIC FLOW IN ARMOR PLATE.

Qbject: To analyse the plastic flow in srmor plate edjscent to the
point of impact by a projsctile.

(4) ANALYFICAL SUMMARY. PART IV. THE THEORY OF ARMOR FPENETRATION.

Gbject: To summarize the theory of armor penstration in its present
state of develcpment, and to develop theoretical functions
which cerx be used as a guide in the interpretation of
ballistic data.

(5) BALLISTIC SUMMARY. PART I. THE DEPENDENCE OF LIMIT VELOCITY
ON PLATE THICKNESS AND OBLIQUITY AT LOW OBLIQUITY.

Object: To campare the results of ballistic test with the predic-
tion of existing formulase, and with the results of tbeoret-
jcal aualysis; to find the mathematical f nctions which

v best represent the fundamental relationship between limit
: velocity, plate thickness, and obliguity at low obliquity.

(6) BALLISTIC SUMMARY. PART II. THE SCALE EFFECT AND THE 0GIVE
EFFECT.

Qbjsct: To detsrmine the effect of acale on ballistic performasncs,
e, and to correlats the projectile nose shaps with the resultis
A of balliatioc test.

(7) BALLISTIC SUMMARY. PART III. THE WINDSHIRLD EFFECT, AND THE
OBLIQUITY EFFECT FOR COMMON PROJECTILES.

Dbjsot: To analyse the action of a windehield during impact, and
to develop mathematical functions which best represent the
ballistic performance of common projectiles.

- (8) BALLISTIC SUMMAKY. FPART IV. THE CAP EFFECT, AND THE OBLIQUITY
EFFECT FOR AP PROJECTILES.

- gojsct: To detsrmine the action of a cap during impact, and io
develop mathematical functions which best represent the
ballistic performance of AP projectiles.
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(9) BALLISTIC SUMMAKY. PART V. THE CONSTRUCTION OF PLATE PENETRA-
. TION CHART3 OR TABLES.

Qbject: To summarize the resulte of aunalyais in the form of standard
- ohsrts or tablee.

4. The opinions and statements contained in these reports sre the
axpresaions of the author, and do not necossarily represent the official
views of the Naval Proving Ground.

« >~ .
DAYID I. HEDRICK
Captain, USN
Commanding Officer
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PREFACE

AUTHORI ZATION

The material in this report has been basic to the conetruction
of plate penstration charts. It was authorized by BuOrd latter NP9/A9
(Re3) dated ¢ January 1943.

9BJECT.

f?@ ‘ To determine the effect of scale on hallistic parformance, and
to correlats ths projectile nose shaps with the results of ballistic teat.

SUMMARY
Limit velocities for perforation at different scales, but with
.. geometrically aimilar ecombinations of plate and projesctile, vary logarith-

mically with the dimensions of the plates or projeciiles. The scals
affect may be correlated with the effect of strain rate on strees in the
armor steol.

A change in nose shape from cne projactils design to another
¥ has an effect on vhe depth to which the projectiles penstrate into homo-
geneous plate at etriking veloclities less than limit, and modifies aluc
the limit veloeity for perforation. If a seriss of projectiles bas
arranged in the order of depth of psnetration, they appear also in the
sorrect order of limit velocity.

Ths sllipsoid, the oglive, the cone, and the cylinder are ell
specinl cames of & two-parameter family of surfeaces. The nose shapes
of aervice projectiles msy also be represented to within a few hundredthas
2f & caliber by members of this sams family. Corresponding to sach
project. ile nose ahape thers sxinmts an ellipscidal nose shaps which would
have the sams ballistic propserties as the actusl nose shaps. In the
correlation of ballistic performances, ‘hes Lwo parsmaters of ths gepsral
. femily of nose shapes may be reduced tv » =» amstsey, the raiic of
maior axis to minor axis for the squival ] Values for the
paeremeisra Lave bsan computed for the pre #s of ipierest to the
servica.
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1 INTRODUCTION

It was assumed for many years by the U. 3. Navy that all
projectile designe are eaquivalent in ballistic performance as long as
they are undeformed. This assumption was fully justified bvefore the
modern AF projectile development program, because there were in reality
only minor variations in projectile design. The projectiles of recent
interest have varied, however, from cal. 30 small arms ammunition at one
extreme to flat nosed major calibsr bombs at the other, and differences
in projectile deaign can no longer be ignored ‘n any accurate analysis.

A few of the variables which enter into the analysis of armor
penetration are the mass of the projectile, the diameter of thw projectile,
the thickness of the plats, the shaps of the projectile nose contour and
the ductility of the plate material. The condiiions of impert are defined
by the obliquity and the striking velocity. The results of impsct in an
incomplete penetration are summarized by the depth of penetraticn, which
is measured from the tip of the projectile, at the lustant of maximum
travel, tc a reference plans which ie tangent to the plate just outside
of the coronet but insi:sle of the dish. The results of impact in a com-
plete penstration are summarized by the remaining veloelty. From the
resulis of impact may be derived the limit velocity, or that striking
velocity which would just put the major portion of the projesctile com-
pletely through the plate with zero remaining velocity.

The individual values of depth of penetration and 1imit velocity
for each 1mpact vary capriciouely from impact to impact partly bescause of
fluctuations in plate quality. The average values of depth of penetration
and limit velocity vary continuously howaver with the dimensions and shape
of the projectiils.

The limit velocities for non-deforming monobloc projectiles,
with geometrically similar combinations of plate snd projesctile, decrrase
on tbe averasge with increase in the dimensions of ithe plates or projeciiles.
The decraase in limit velocity with increase in acals is partly the result
of & simultanecus dscresse in static tensile strength. As the plate thick-
ness is increased, the difficulty of control during manufacture increases,
and the thick plates are usually beat treated to = low hardness in order
to avoid brittle failure on impact. The limit velocity for a ductile
plate 12 primerily a funciion of the dyremisc tensile strength maod a plate
may have saveral limit vslocities, even for the same static tensile
ateangth, if the microstruetyrs im varied. The existance of a true scale
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offect would emly be reveazled by a series of bollisiic tests with :_1.'@'1‘
goometrically efmilar moncblos projectiles fired against geumetrically :«'}.“%a};
similar plescen sliced fram the same thick plate. Such teets would ‘ﬁ\-‘}}
require & difficult machining operation. ‘ %\}f‘ﬁ-ﬁ
An approximate estimate of the scale effect may be dsrived,
nevertheless, from siisting ballistic data for nopdeforming projectiles
g all vith nearly the seme noes shape but tested against different plates.
. Correctiions may be applisd to the date for small variations in nose
ebape, but msasurements of the actual dynamic tensile stirengths are not
aveilable. Corrections for variations in tensile atrength must there-
fore be baesd on the sesumpiion that the relationship betwaesn dyumamic
i tensile strength and static ternsile strength follows the general trend
: e for steele of vonsiant microsiructure. Corrections® for tensile streagin
. should be appiisd only in part %o data for platee whose hardmness {5 near
the critical bardnsas for brittle failure, and should probably be omitied
altogethayr from sompariecns between Cless B armer apd ST3. Thus, speci-
mens of Class 8 armor have bean found by the group at ths Celifornia
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Inetitnte of Techuology to have nearly the same dynamic tensile strengths fl::“
as specimens of 3TR, even though the static tensile strengths varied from .
w8000 (1b)/{in)? for ths (lass B armer tc 116000 (1b)/(in}? for the 3TS. b
Fa
The limi¢ welocity for non-deforring pointed projectiles “;; e
decrenses on the average as the sharpness of the point is increased and :‘,-::“f;;:j
plate fallure in sach impact occurs with the formation of a star srack. :::'.,::;\..::i

. The limit velocity for non-deforming rcound nosed projectiles, on the

o otbkear bhand, decrmasen on the sversge as the nose contour approachss a

- flat sylinder, and plate fallure in each impact u. ally ocours with the
formation of a punching or plug. The existsnce of an ogive sffect e
revealed by & series of bailistic tests with monobloc projectiles of
varioys noss shapes all fired against tbe same plate. The numbsr of such
teste which have hean completed is sufficient to ocutline the gsnersl
irends of the ogive affeci.

Details of these baliistic data, which best illustrate the
scale affect and the oglive effect have been velemsed in previous reports,
references (1) tc (3} but are wummarized in Tables III to VII in the
pressnt report.

A semiquantitative thsory of armor penetration has been com-
plated for the 3" AP M79 projectile, and details of the theory will be
releapgsd in later rep rts. The results of the theory ars used in the
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pressnt report 1O interveirst the resalty of test. The X" AT W79 projec-
tile io the most sxtensively investligated monohloe projectile, and haw
therefores basp used as thw mference standard for comparisons.

1I THE BALLISTIC PARAMYIERS

" AR i
The reauvlie of ballistic teat may sonveniently be surmerized
in torme of & pumber of bullistic paramstesrs, The {wvpact parameter Fe
the plate penstration enefficient F(e/d,8), and the rosidual velocity
function f} may all be defined an terms of the projeciile mass m, the
projectile diameter o, the plate thiskness ¢, the obliquity @, the
striking veloaity ver the Limit velcrity v, and the romaining velocity Y
e by the equations
A ,
w v ol
F\(‘- Y m————
¢ ﬁd_
m”uacnaﬂ
A‘f‘(e;"d, {g) -
& ‘
v vjeoo

F‘. [ R e ———
K

E

¢

Thees parametess ars asonvenient $0 uge in the representation of haliistic
datn, since they sre divestly proportional to valonity, sad dn oot vary
rapidiy with plates thickmwes or obiliguity.

Of mors Yundavental sigoificsnce are the impsct ensrgy
paramier Jo, the 1imit snergy fuenetion Sled, 00, and the vesidual

¥ T
sne ey Tanction e whteh ave defined fo terme of Fe, F{e/d,8) and £y

5

i
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by the squaiions
Ug =

mv? vos® 6

U{e/d,6)

H

i rer———

&
{E)Fm(i/daﬁ) = dg

"

[-4
- 2
I Ug = (5 )Fg

These parametera are proportional to the kineatic exergy of the projectile
at normal cbliquity.

Ballistic performance may be interpreted with equal validity
in terms of either of the functions F(e/d,Q) or U(e/d,8). The projectile
mass in the functions is exprassed in {1b), ke projoctile diameter is
expressod in {(ft), the plate thiciness in (ft), and the 1limit velocity
. in (£1)/ (sec).

The scale effect for a given prujectile is best ropresented by
the ratic )40 between the limit emergy function for the glvea projentile
. and the Limit energy function for a 3" prejectile of the same geometrical
shape. The ogive affect ie vimilarly represented by the ratio l+w
between the limit energy function for the given projectile and the limit
ensrgy funciion for a projsctile of the same caliber but with the nose
contour of the 3 AP M7¢ projecilie. The ratio between the limit energy
function for any projesctiles and the limit energy function for the
3" AP M79 projectils is then equal to the product (1+ic) {1+w).

The 1imit snergy function for the standard projectile at low
obliquity is given® by the aquation

. N , &
Ule/d, B) = { — )$®Bconb
[&d

in which ¢ is a function ef ¢/d and @ {s a function of 8. The furctions
# and 6 are expressed graphicuslily by Figures {1} aad (2).
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The shape of any projectile nose contour ie defined saalyti-
calle by m velationship betwsen the cylindrieal polar coordinates » and
8 of & point on the surface of the projwctils. The distance r is
masoursd from the axis of the projsctile, and the distance x is meesured
from a plane perpendicular to the axis, through the tip of the nose. The
coordinatae 7,5 are illustrated in Figure (3). Ths dimensions of the
noge cantour ars the radius o of the bourrelet, snd the length b of the
nose from bourralet to tip.

The ellipsoid, the ogive, and the cone are spsoial caces of e
two-parametor family of surfeces, whose general equation is

9

8 b :
- = (1 ~\/1 -cx-g - (1-—&)% )

a 'E
The two paramsters in the equation are 6/a and a.

The squation for an ellipsoid is

AR

b J r
;(l ""Vfl "y )

for which the value of o iz zero. The ratlo 6/a {8 the ratio between ths
major axis and the mivor axip of ths ellipseid.

The equation for an ogive* ia

5 b V/' a® r  a%?
it € e A R O e e T 1
o a( ( L® }rx b*a? ) )

- "pceourding to the atrictest definition, ths ogive is a surface of revolu-

tion described by the arc of a single circle which is tangent tc the
bourrelest.
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The paramsters 0/a and o for an ogive are given in torms of the radius &
of the arc by the equations

and
s
2 a !
fE T
& a2

Thu equetron for the cone s

8 b v
224
a aa

for mhieh the value o2 & is equsl to 4+ 2. The ratio b/s is the ratio
tetween the altitude of the »3ve and the radius of the buswe,

The £lsi nose or cylinder is obtained from the general aquat fon,
for uny valus of o, by setting 6/¢ =qual to zerc.

Ths nose contours of sorvice type projectiles may also he repre-
santed to within & few hundredths of a callber by mambers of the aame
farmly. Values of the parameters 4/a ard o have been chogen for sll of
the projectiles of rallistic interest. The parzmeters have besn so chosen
that the volums contained betwean the projsctile noae cortour and a circum-
geribed eylindsr ie the same for the approximate contour as for the sctual
contenr.  The volwme of the circumscribed cylinder is na?b, while the
volime coatained in the apace bstwsar the projeziile uose contour and the
¢ircumseribed e¢ylinder im given by the integral

a
gnf zndr
0
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The ratio betwssn the two volumes is given for the approximate contour
in terms of a by the egnation

2nfPardr %a® - fa + 3 . da(z-a)? o
Jozrdr = fa® - da ¥ 3 +_§a(2 : cos”! (2)
ns?b (%J&)’ (1-a)? e-a

Values of this retio have been computed for a series of valuesx of a end
are listed in Tablo II. The ratio butween the two volumsa is found for
the actusl sontour by numoricml integraticm.

The values of b/0 and a for service type projectiles were
fouad hy & proceus of successive approximations. From trial values of
b/a and a wore caleulated points on a trial coniour, which was then
compared graphically with ths actuwal contour. The parameters wers
readjusted umtil the distence between the two contours was reduced to a
einimm. The final values for &/c snd a are listed in Tuble I and are
plotted in Figure (4). The final trial contours for a few of the projec-
tilas, sare compered with the actual contours in Figures (5) to (18),
whero the trlal contours are reprssented by dotted lines and the actual
contours are reprogentsd by solid lines.

IlI STATISTICAL ANALYSYS OF THE PALLISTIC DATA

Separation of the scals effect and the ogive effect from the
effocts of woriutions in plate juality requires a statisticel analysis
of the ballistic data.

If tha impact eusrgy parameter /¢ in any impact happena to be
leass than the limit energy Punction U(e/d,g), tha impact is an incomplete
penecrntion, but if the impsct energy parameter {c happens to be more

than the limit ensrgy furction [/(e/d,0), the impact is a complete penetra-
tion. The bsllistic dats at major caliber scale usually consist of two
impacts on sach plate, whose values of Ueg bracke! the value of ({e/d.8).
The actual bracket may uwsually be replaced by a navrowsr eatimatad
bracket, which is bswmed on the depth of penstration and the remaining
galocity of the projectiis.  The brackets vary in width from plate to
plate, and the wide brackeis dessrve less statistical weight than the
nsrrow hrackets,
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If the limit energy function U(e/d,0) fluctustes from plate to
plate in sccordance with the normal law of errors, then the frequency of
occurrence of an individual devistion B from the true meau u for all
plates is given by the sxpreseion

2,2
e~k A

Al

in which & is the precision constant of the fluctuation.

If a pair of impacts at two different values of [f; wers repeated
an unlimitad number of times on different plates, each time with the same
two values of US' then the velue of U{e/d,0) would fall bstween the two

values of Ug with a frecuency equal to

(4]

1 he 4
1 824
Gl e

in which &* is the deviation of the smaller value of [/ from the mean
valus of U(e/d,0), and ¢° is the deviation of the larger value of Us-

The collected ballistic data consist of & group of brackets,
each with a different peir of values for [c. If a group of n pairs of
impacts were repeated an unlimited number of times, each time with the
same set of values for {/c, then the limit energy function would fall
between the two valusa o US on every pair of impacte in thes group with
a frequency ¥ which ie given by the product

Ae©

1 2
¥y=1 (V’?f&‘. e P dp )
]

in which E: and 62 are the deviations of the two values of US in the kth

pair of impacte. A partizular group of limit determinations would occur
with the greatest frequency in that series of platea for which ¥ is a
maximum with respect to varistions in u and 4. The most likely values
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of u and 4 are therefore those which satisfy the conditions

2 02 ®
RN Wl

2
fha‘; e=? 48

2 o° 2 x?
h oN ) heic'h ‘% - hc:e“h ‘:
+2(2) = =0
ok he
It efap
htg

If €? is nearly equal to e:, these squations are simplified to the
equaeione

1,88 ~ 3 A (eQ-e3)?
-7;';,(5;)— - <.2,heht =0
AN _ 1.2 Q_.? _[‘. Eo“wﬁ
+-(%)=2‘,e ah leh-ad) -22]495:: Flek-en) =0
d

in which ¢, is the average of €y and e:. In the limit with e: equal to
e:, the esquaiions are further simplified to the sonventional equations
of least squarss

1, a8

o amme = o OV = 0
hH( 6:1) . n)Ju:b
Eoak

+ Y S - n . SV g _ ¥ -
h( ah ) no- gBh%e] = 0

The valuss of u and a for & particular group of data are found from the
sbove squatione of waximam likellihood by sucocessive approximations.
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The standard deviation of an individusl value of U{e/d,0) from
the mean values u is given In terms of the precision constant A by the
sxpression :

V 2k

v THE SCALE EFFECT

The instantaneous velocitiss of all projectiles, at any partic-
tlsr stage of penetration, are almost, though not quite, the pams for
geomevrically similar combinatione of plste and projectile. The duration
of any stage of penetration varies therefore almost inversely with the
dimensions of the plate or projectiles. The distributions of girain in
the armor around the noses of &ll projectiles, at the given mtage of
penetration, are geomsirically similar. Tho strain rates for all projec~
tiles at the given stage of psnetration, also vary, therefore, almost
inversely with the dimensions of the system. The stress in ihe armor may
be repressnted as a logarithmic function of strain rate in the rangs of
#train ratea which occur during projectile impamct. Direct measurements
of the variation of stress with strain rate for several steels are plotted
in Figure {17). The stress in STS increases approximately 4% per unit
inecresss in the natural logarithm of strain ate, in the range of strain
rates greater than 200 (ssc)™?.

The function which was therefore chosen in 1944 by the Naval
Proving Ground to represent the relationship between the scale effect o
and the projsctils diameter d is given by the equation

0 = - (.04 ¢ .C8)log(4d) (3)

Equation (3) is basic to NPG Sk 65C. It is rapresented in Figure (18)
by Curve 1.

The nesarest approach to a scale model of a 3" AP M7Y projectile
in STS 1s repressnted by ths data in Tabls II] for ths cal .80 Expr. Dw 51
projectile in Plate No. N-1. The cal .80 projectile has the same ogive
as the 3" projectile, but differs in the type of ecarrier. (The cal .60
projeciile has a base cup, wheress the 3" projseciils has a rotating band. }
Plate No. N=1 was a nickel-chromium alloy plate of standard 5TS composl-
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tion with 0.27% carbon. The data for Flate No. N-) give a valus of ¢

which agrees accurantely with the vredictions of Equation (3). Plate No.H-4,
on the other hand, was & chromium molybdenum alloy plate with 0.50% carbon,
and the dates for Plate No. H~4 glve & larger value of o.

Valueas of ¢ have been derived from the various groupe of dmta
in Tables YII to VII, simultaneously with values of w. Tho average values
of ¢ are plotted for comparison in Figure (18), both with and without
correctirm to m standard stetic tensile atrength of 115000 (1%)/(in)2.
Each uncorrected average value is bracketed in the figurs by & psir of
open symbols whose distance apart is twice the standard deviation of the
mean value. The data indicate the existence of a renl scale sffect, of
the magnitude predicted by theory. '

A etsvistical analysis has been made of the dats in Tahle VII
for AP bawbs. The ratio (1+0) (1iw), between the limit epergy function
for the AP bombs and the limit energy function for the 3" AP M7§ projec~
tile, ia tabulated in the ninth column of the table. The statistical
welght to be ssgigned to sach ratio ip listed in the tenth column. The
ratio fluctuates sbout n weighted mean of .924 with 2 standard deviation
of .08, The precision constant of the fluctuation im squal to 9. Some
of the plates in thie series may have hed hardnemases above the critical
hardness for brittle failure, and the mean value of the ratic (1lto) (14w)
is probably thersfore too small.

v JHE OGIVE EFFECT

Date on the depth of penstration p of projectiles into Class B
armor and 973 have been collectmd during routine ballistic tests. The
average deta may be represented by curves which express the ratio p/d
a8 a funoction of the ratic vsva, with a separats curve for each value

of e/d. A study of the data for all projectiles has indicated that, at
astriking velocities near iimit, ithe Lepstration curves for two diffsrent
projectiils shapes are nearly parallel, and only differ from esch other

by a constant difference in p/d. The curves for one projectile ehape

may be obtained from the curves for a different shape by a vertical shift.
A set of standard curves have been derived from all the data, end are
plotied in Figures (i9). There exists for each ncse contour a corrsciion g
which, when added to the valus of p/d taken from Figure (19), gives the
corrsct mesan vmlus of p/d for the given contour. A valus for g has besn
s6lscted to represent each of the projsctiles which have bsen adequstisly
inventigsted, and ths values of ¢ are limted in Table T.

UNCLAGom D
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Valuss of the ogive effect w have been derived from the variocus
groups of data in Tables IV to VII, simultanecusly with valuss of o.

The two most thoroughly investigated monobloc projectiles which
are listed in the tables are the uncapped 37mm AP M51BZ projectile end the
3" AP M79 projectile. The ratio (l4c¢) (1+w) beiween the limit energ, func-
tion for the 37mm projectile and the limit energy function for the 3" pro-
jectile was found to have a mean value of 1.082 + .0l in a range of ¢/a
from .4 t0 1.7. The corresponding value of w is 0.033.

The values of ¢ and @ depend on both the parameters &/a and .
Thus, the 8" AP Mk 19-1 projectile and the 8" AP Mk 19-4 projectile have
nearly the sams values of b/a, but entirely differant values of g. 8imi-
larly the 3" Expr. Dw 53 projectile and the 3" Expr. Dw 55 projectile Loth
bave nearly 2qual values of w which are distinctly not zero, yet the valuee
of d/a for theame two projectilee straddls the value of b/a for the 3"
AP M79 projectils. If the pointe in a plot of a vs b/w such as Figure (4)
be marked with the average values of ¢ or w for esach projectile, then i%
is found that series of contours of aqual ballietic performance may be
drewn in the plot which are nst inconsistent with the data collected to
date. FEach of the contours of equsl ballistic performance arosses the
2xis o = O at a value of b/a equal to tha ratio of majcr sxis to minor
axis for that ellipeoid which would have the mame balliatic properties as
another projeciile on the same contour. The ratic 6*/a of the major axis
to the minor azis for the equivalent ellipsoid is expressed empirically
in terme of the paremeters b/a and o for the actual projectile, by thas
squation

b
b* a
- - a, " {4)
2 Vi1~ 1.20 + .6a’

Values of b*/a for various projectiles are listed in Teble I, and one
contour of equal ballistic psrformance has been plotied in Figure (4).
The penetration paramster g and the oglive effsct ¢ are plotted agalast
b*/a in Figures (20} to (ZZ). Inspsciion of the figurea shows that ths
ballistic psrformance variss consisienily with 6%/a.
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The ratio 1+w, betwesn the limit energy functiocn for a pointed
projectile end the limit energy function for the standard prrejectile,
was found to decreame with increase in £%/a, at a rate which varied with
e/d. The rate of variation of 14w with 0*/a at O° obliquity was appar-
ently merce at some value of e/d betwesn .Z44 and .85, and increased with
increase in e¢/d.

The retio 1+w, between the limit energy function for a blunt
projectile and the limit energy function for the standard projectile,
was found to decrsase with decrease in b*/a.

The propertiss of the ogive effect for a pointed projectile
in a8 thick plate may bs interpreted in terms of the plestic flow of the
plate materiel adjacent to the point of impact. A disturbance in the
interfior of a solid medium is propagated by two waves which move with
differsent velocities. The lesding wave is a compressional or longitud-
inal wave, while the trailing wave is an equivoluminal or transverse
wave. The velocity of propagation of the longitudinal wave is determined
primarily by the bulk modulus, whils the velocity o propagation of the
transverse wave is determined by the rate of work hardening. "A longi-
tudinal wave originatee at the surface of the Projectils, but both
longitudinal waves and transverse waves are reflected wherever the longi-
tudinal wave reaches a free surface. The velocity of propagation of a
longitudinal wave is everywhere greater then the velocity of the projec-
tile, whereas the velocity of propagation of a transverse wave is zero
at & distancs of approximately one tenth caliber from the surfacs of the
impsct hole, but increases with distance from the impact hole tc a
velocity greater than the velocitiy of the projectile. There iw a zone
next to the impact hole which is reached only by the longitudinal wave.

The plastic¢ flow in this zone is nearly irrotational, but the
transverse waves at a distance from the point of impact are abls to
maintein the plate material in a stste of squilibrium. The plastvic
snergy which would ve required in the limiting case of pure irrotational
flow, has been found by calculation to bé greater than the energy which
would be required in the limiting case of pure esquilibrium flow, by an
amount which is zsrc at an ¢£/d of 0.5, but incrsases with increases in ¢/d.
Apprroximately half of the plastic work on the meidum in & plste of caliber
thicknses {8 sctually performed under conditions of irrotational {low,
and hulf is performsd under conditions of agquilibrium flow. An increass
in the lesngth of ithe projeciile noses contour increases the durstion of
impact apd increases ths relative amount of equilibrium flow, with a
eonmequent decyvesse in the smount of plastic work for perforation.

= 13‘
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Ductile fasilure by shear cccurs in the armor near the point
of impact. The plate fgpilure begins with the formation of a star crack
near a pointed projectile, and a circular crack near a blunt projectile.
The plestic enesrgy required to opsn the petals of a star orack is
spread out to a distance frum the impact hole, whereas the energy required
to punch out a c¢ylindrical plug is concentirated along the cylindrical
surface of the plug. The snergy required by s pointed projectile is
thersfore greater than the energy required by a flat nosed projectile.

-14-

N,

-
IR )




e R A O T I R RS P T M R T T IS O YU MUR M ST 2O MO P MO AP 0 W Py I X

v . -
PO FROTO KC. 3025 {APL) IR
TABLE T
EROVECTILE DATA

(1b) ® Cap o Nklye_ .{
e Psodngtdle MIg, Masp __ Charge c TR 2/a w*/a i re
cal .50 AP W2 A 0.011¢ none
cal .00 AP M2 FA 0.0580 nons 0.61 4.2 6.0 0.76 t 0,03
eel .50 AP B-S PR 0.082 none vone nons .80 £.24 3.44
20 mm AP C-20vm-) 7 3 oone 21.2 none 64 Re .20 1.91 2.1%
37 me AP M51B2 PA 1.88 nons 13.0 62 Ro .10 2.5 2.66
2 pdr AF BR 2.4 nonse none nons .7 2.06 3.07
37 Coom Mr 3-5 AX 13.0 nous nons .ee 2.8% 4.13
37 Comn Mk 3-7 A® 13.0 non# nons N1 £.85 4.1
3% AP Type A s 14,1 1.4 i1l none 54 Rc .10 1l.92 Z.04 0.10 ¢ 0.02
3% AP Type A-1 B5 14.1 1.4 11.3 none .81 z.02 2.74
3" AP Dw DASOZ-85C (Mk 11 oap) B8 18.8 11.1 rons .51 2.02 2,74
3" AP Dw 2-HC (M 11 oap) BS 13.¢ 11.1 none .51 2,00 E.74
3* AP Dw DAJO3 (Light cap) » 13.9 10.4 none N 2.02 2,74
3% 47 Dw DA3O4 (Beevy cap) ): 33 14.8% 16.1 none .51 2.02 .74
3" AF Dw 3001 (8™ Al Mk 11-1) s 14.% 3.2 none 375 2.87 3.30
3" AP Mk 290 (Dw DA305) <] 13.0 16.1 2.8 .33 l.04 2.37
3% AP Mk 29-) ¢s 2.0 16.1 &9 £33 l.94 2.37
3™ AP Mk £9-2 OLDS 13.¢ 16.1 3.0 o8 RL/ L3 1.04 2.37
3™ AP Wk 29-A cd 13.0 11.5 2.9 38 1.94 2.37
3" AP Mk 290-B o] 1.0 15.4 2.9 .33 - ) 2.37
37 AP Bk 29-C cs 2.0 10,9 2.9 .32 194 2,37
37 AP Nk 29-%20 QLDS 13.0 ls.8 3.0 -0.0% 1.70 1.85
3% AF Mk 20-K34 oLbs .o 18.1 3.0 ~0.11 1.36 1.27%
37 A7 MB1 {Dw DA3DL) Cs BS e, 14.3 2.3 +7 R, +0.82 1.929 2.9
3* AP M6Z B35 is.8 13.9 2.3 53 RE .33 l.94 2.37
3" AP M62 CHEV 14.8 13.9 2.3 58 Rg 3y 1.94 2.37
37 AF R7¢ LT FA 15.0 none nons rune D.82¢ 2.0 3. 0.47 4 0.03
3* Rxpr De 52 (Hemieplere) A 1% .2 nene noLe none 000 1.00 1,00
3% ¥xpr Dw 53 (Typs A-1 body) FA 1s.2 none none none 33 2,00 2 45
3" Expr Dw 54 (Type A body) Fh 13.2 none oona nons =0.09 1.92 1.0
3% Expr Im 5% (Tgpﬂ A=1 oap) r4 15.3 none none noue +0. 04 P K 2,80
3" Expr D» 58 (MDIDZ oap) FA 15.3 none none nona - - -
3“ Expr [w 57 (Kk 11 oep) A 15.0 none none nune - -
3" Expr Dw 58 (3 oal ngive) 1 7% 15.3 nons none none 809 3.32
3™ Expr Dw 3% (4 o8] ogivs) Fio 15,5 vone nons none 934 5.88
S7 A Expr (7.5 ib Clat npose) FA 7.4 noone nune none - 00
3" AP Expr (11 1b flat nose) Fi 16.7 noos none rona - 00
3" AP Xxpr {15 1b flat nose) ) 7% 4.9 noans none nona - 00
37 AF Expr (flat nose + WSj [543 146 noa nons 1.6 = )
4" Coma HP a3 none none
4" Comm )i 33 3. 4.7 3.9 B3 £.50 3.84
5" Comm IR Su
5" Comm 3 o4 4.8
8 Cosk i} 55 3.7
57 Comm ME LG-1 (&5 5% ]
5" Conen BS :

6" Comm
£" Coam

A% Comk 5.1 .40 ¢ U.DE
&= Comm -
€" Comm ¥ 2.1
8" Come E.1 G.43 2 0.2
6" Comm 2.4
L1
1 S S I
™ LRG0T £3 21
2] -1
o 2.1
B 100 1.4
43 105
¥ 105
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8 Comm Wk Lol 3 8O
3™ Oowm Bk 18- » 230
®* Ocem WK 17} o 240
8" Cooss Mk 17.2 - 380
&* Comop Mk 17-3 - [
#° Ooma Nk 17-4 [: - »e0
B™ Coms Mk 174 (Ned.1 880
a* AP Mx Y-9 us 280
" AP @k 133 . 7] 450
8% AP B 19-1 o8 zao
% AP Mk 1%-2 o 280
% Ar Nx 190 » 280
8% AP Mk (*-4 [+ 260
€ AP BXx 190 m R8O
8% 45 Mk 19-8 ¢8 169
6 4P B 20-) - 80
8% Ar Mk RU-2 8 B30
& AF Mx 2-4 » 280
5" AP Nx 20-3 3 280
0% AF Mk 21-1 o8 84>
8~ AF Mk 21-2 o] 33
B AP Mx 2}-3 Lo 335
1R* AP MM 1&-8 ] ars
12° AF M 13-4 - 810
12* AF Type 4-1) .3 1140
127 aF xi 13-1 os 1140
14" A% Mk )8-2 L3 1300
1e~ AF MX 18-3 m 1800
3e A Mk 164 | 3 1500
14" Af MK 16-Y )] 1300
147 AP Mk 18-8 [+ 1800
14" AF MX 18-9 <] 1300
A" AF M }8-10 = 1500
14" AF MR 80-. cs 1800
16% &Y dk 2. 3 2100
16" LF Mk 54 o8 RE4O
16 AF Mk B-1 [+ ] £700
18~ AF mE B-2 PS5 2700
18" AF M 8-3 s 2700
18" AP MK A-4 [+ 1700
18~ AF Mr 8 5 -] £700
16" 2y ¥ 8.4 » 2700
18" 4P Yype 51 [~ ] sano
1000 1b AP Ecab My 33 P75
1630 1b AP Domb Mk 1-3 38 1840
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TilTe T
kie Be/s | £
3.1 3.6 0.3% 2,808 3.7¢ 0.432 2 0.03
10.9 2.0 «h9 B.dd 5.p8
- 5.6 ¥l B.45 8.63
a.7 3.1 B £.30 5.9
3.7 3,8 .78 B.8Y 3.82
19} 3.7 .7 2.45 3.6% 0.47 ¢ D.04
8.0 0.8
8.0 1.1 375 2,689 8.3
8.5 1.3 228 ENF 378 2.6y 3.% 0.37 £ 0.0%
le.2 4.8 .71 1.88 2.7 0.31 ¢ 0.2
A2.3 ¢.8
is.3 8.1
16.7 5.3 L] 1.838 R.OX £.10 £ 0.03
17.2 8.0 .36 1.838 2.02
ia.7 8.3 =18 1.u33 E.02
8.6 4.8
2.2 4.8
18,2 5.1
17.1 3.1
17.3 2.3 5) Be 212 1.735 1.688
17.6 1.4 53 RC <24 1.46 1,09
17.2 1.} 5) Rg .12 1.73% 1.86%
5.7 1.1 .67 £2.90 3.85
3.k 0.8 47 2.90 3.63 0.52 & 0.04
13.0 i.z .31 2.00 B4l
10.9 1.2 09 1.84 1.94
a.% 2.1 -¥0 £2.18 T.24 0.40 % 0.04
a.3 8.} 39 k.20 3.10
10.0 2.0 .79 1.98 2.98 0.27 + 0,02
10.1 2.1 .27 1.94 2.8
10.2 £.3 .10 1.835 1.933
1i.0 B.4 *0.28 1.04 2.27
ig.2 2.3 =01 1.325 1.41
10,1 2.4 +0.04 1.70 1.74
0.3 1.1 A7 2.90 3.8%
10.¢ 2.2 .18 L-Ve5 1.92
9.7 1.8 .48 212 2.8
1.8 1.7 -14 2.04 2.82
11.0 1.8 .34 1.90 2.34
9.8 1.8 17 2.17 2.41
9.3 1.7 216 1.97 2,17
11.6 1.2 7 1 8% 2.05
10.0 1.7 .08 z.03 £.10
noas BoLe .9l £.51 3.04
nona none B4 2.27 4.08

Beaufastyrer
AY = AmeTioan Cal apd Foundry Co,
# ~ Peihlohem Stes)l Jo.
B - Mmeltish.
W = Budd Waasl Co.
CHEY = Chgvrolel Divislon, Twne~a)l Motors Corp.
0% - Crusible Btss) Co.
¥A - Frankford Arsensl
E = ¥irth ODterling HStesl Co.
BF - Barrisburg Pi ani Pipe Bandl Co.
IR - Imgsreoll hng‘ce. e
Lt = The Letournsey Co.
WP < Wsehins Produets Co.
W - The Midvele Co.
2LD8 = Dldsmobile Divielm, Genere]l Motore Corp.

FA = Fiealinny Aresnsl
F3 «© Frlmcston Bhugs
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Table 1] {

. i
Paramoters of the Ogive :

a .

2R mvdv I

R /] ] .

— a — !

{Calibers) a. ne” b '

|

k"\r' '5 lb 000 O :"_f_ ;
e 3 !
.5 1.183 . 286 . 2882 ,

.8 1.483 . 545 . 4019 '

1.0 1. 732 . 886 . 4164 !

1.2 i.949 737 . 4282 |

: 1.5 2236 . 800 .4371 |
!

2.0 2. 648 . 857 . 4454
5 o e . N
N 3.0 GaBlY . 908 - 4530 \
4.0 3. 873 . #33 4586 |

m @ 1.066 - AGH7Y !
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UNCLASSIFIED

Teble VI - Plate pensirvation cosfficients for uncapped 37mn AP MO1BR projectiles, 3" AP 79 projectiles, end other
3" moncbloe projsctiles ve Clast B armor or STS corrected tor teasile etrength to 115000 (1b)/{ia}*
)] tensils strangth. {heference (3})

Unsorrested  Corrected

Plate Tennile e r Tl £ 1000 &, 9) 140) (140
Frojectile Mastier Strongth d “d' ) G ) ¢ ! (3' ) () () :

3" 4P w70 1478 123000 30° LE55 433008500 12.28 .996 o
3" AP Type A-cep " " 5.5 SE52 465004500 .10 995 o
" " " 29.6° 632 4400041.000 12.82 1.028 £
wind
37ma AP MS1BZ-c8p - 8333* 8500 1* 154 474004500 49900 18.77 1,104
3% AP W29 475 107000 st 1.68 515004500 82600 4. 1.000 Sl
y 37 Kepr Tw 59 (4 cal. ogive) " " -5 A6 458001300 49800 41.¢ ) e
37m AP WS5IB2-cap <0228 105000 i* 1.379 504004300 52000 a7.3 1.G36 VA
. v

3" AP Wi " " 200 668 407004200 42000 1180 .93
-4
37em AP MSIB2-0a) 40407 112000 8% 1,007 501004100 50500 25.7 1.080 ooy
LR
3" 4 W78 - " 29,7 L4809 412004200 41800 .46 LW ’
37em AP M5)BL-cap 40500 L20000 2= 1,008 509004100 50200 25.3 1. 047 -
3 AP W79 " ¥ 9.8 - 468 41000 £200 5. 20 . 887 3
LRSY
J 3" Bxpr {15 1b. flet wose) " " 1e 488 2B600£200 3.990 405 -

" " . 30¢ .486 20D05E00 4.5 .535

" A it 45* 871 3268001200 5.27 « 887

.
® Bsction From the osnter of a 10.8" plete.

i

o
&




Table VI ~ (Continued)

Gnoorrectad, Correctaed

Plate Tenwile A 9 . ) ‘e ot 6 N

Projeatile Number Serength d “d' ) F(d' ) (2 )"‘E' b o) (e
37wma AP MO1IDE-cap 40502 10000 1+ 1.017 488001500 0300 .7 1.048
37 AP M7 " " 5" 495 439004100 45400 10.20 1.013
" " " 20 <490 421002100 43500 9.37 .99
" " " 0. .49 40200+200 41700 8.52 1. 000
3" AP W79 40819 117000 29.5" <307 413004200 41700 5.82 886
3" Expr. (15 lb. flat ncwss) " » 30 .507 312004300 -, 32100 5.22 . 568
3 Expr. {1n 1lb. 150* cone) L " 3l 810 339004200 34900 8,21 .700
3" AP W79 40916 113000 29.5* - 498 413002200 41700 8.66 992
3" pxpr. (1% 1b. fliat nowa) n d 30 501 320004200 32100 5.16 . H89
" " 87080 0 802 283004200 32100 53.17 . 589
“7me AP MGIRZ2-cep 55909 118000 3 - 835 479001300 18.18 )
” " " 19.5° .838 47800+ 300 19.00 1. 048
" " - 30.5° 844 443004300 16.340 - 997
3% AP m7¢ " w a* . 408 435004500 7.2 - l.008
3" AP Type A-oap n " a" 409 4400041000 7.92 1.041
37me AP MH1HZ2-aap HA360 125000 3 433 4070041000 7.17 ’ . 857
o " " 31 . 443 385001500 8.42 . 208
Iremk AP MO1DZ2-omp 20v19 123000 a2 -443 476820+200 10.12 1. 175
N " " 29.5% Toaa4 418004500 7:78 1.0¢41
3™ AP Type A-osp " " pladd -212 340001500 2.45 1.0z28
- " " 31* -213 305002500 1.88 . 957
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Table VI - (Continued) .

Uocorrested  Corrmoted
Plate Tennile 8

& L d ¢
- -.6 - 8 "=, :
Projectile Nusher 3trength F(d ) F(d ) t10 )”(ﬂ 8 (0] (1+a)

37mm AP MOIBR-eup a3880 122000 4 . 504 488004200 ' 12.00 1.168
" n " 30.5° « 504 433004500 9-45 1.076

3" AP M79 " * 4* 244 382004200 3.32 1.0%1
3% Expr. Dw 52 {Hewispbera) " * .5 44 34900800 2.97 . 9040
3™ Expr. Dw 33 (Type A-1 body) 4 " ae . 244 388004500 3.27 1.033
3" Expr. Dw 34 (Type A body; " " 1.5 - 244 359004500 3. 14 . 994
3" Expr. Dw 55 (Type A-1 cap) " " 4° -244 369001200 - 3.32 1.053
3™ Rxpr. Dw 58 (MOS1BZ cap) " " 0* . 244 35800£200 3. 14 -1
3% Expr. Dw 57 (uk 11 eap) " " 5e - 244 362004300 3.20 1.015
3* Zxpr. Dw 53 (3 oal. ogive) Com " .5 .244 378004300 o d.aw 1. 102
3" Rxpr. Dw 5% {4 osl. ogiva) " " 1 . 244 373004200 3.39 1.074
3" Expr. {11 1b. flat noes) " " 3* . 244 355004500 3.08 L9732
A" AP W79 " " 45" - 244 314001500 2.40 -949
3" Kxpr. Dw 52 (Hemlaphere) " ] 4i5* . 244 3 28800 >3.09 >1.245
3" Rxpr. Dw 5% (Type A-1 bodyl L] " 45° EYY & 336800 2.7V <1, 128
Rxpr. Dw 54 {Tvpe R body) " w 43¢ . 244 2 38300 >3,04 >1.224

3" Expr. Dw 35 (Type A-1 capj “ " 45° . 244 336004200 2.7 1.103
3" gxpr. Dw 58 (M51B2 cap) " " 45° . 244 3160041000 2. 44 .$81
Fxpr. Dw 57 (dk 11 osp) ® " 43 . 244 3130041000 2.9 .962

3* Fxpr. Dw 58 (3 cal. ogive) " " 48° .244 3010041000 2.21 . 890
3”7 Expr. Dw 59 {4 cal. ogivs)} " w 45 . TAd 301004 1000 2. 21 - A80
3" AP N7% 87207 125000 o .HOW 445002500 16.02 . 666
" " " 30% .80y 451001500 15.03 . Ma

3" AP Type A-cap " " 1* -6l9 480904500 18.58 . 882
37 AP Tspe A-l-cap - " an. 5 -B19 450004500 16. 58 1.013
37mes AP MS1BZ-cap 87547 130600 4 1.3 A585004 1000 33100 37.8 1.08%
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Table VI ~ (Continued)

Uncorrected Corrscted
Teneile 6 ‘ &0 FE. 0 o, 8
- ') ™ L. s r M lN
Strength . (d ) (d ) (1 (d ) (10) (14w)
122000 4° . 504 488004200 : 12.00 1.168
" :30-50 '!504 43%%500 9« 4‘5 1;076
" 4° .244 36900£200 3.32 1.051
"  5° . 244 249004500 2.97 . 840
" 2° . 244 366001500 3.27 1.033.
" 1.5° . 244 £9004500 3.14 . 994
" 4° . 244 36900+200° - 3.32 1.053
" Qe . 244 358004200 314 . 994
" 5e . 244 36200£300 3.20 1.015
" .5° .244 378004300 3.49 1. 102
" 1° . 244 373004200 3.39 1.074
" 3 .244 356004500 3.08 .972
o 45° .244 314004500 2.40 .969
" 45¢ .24 2 35600 >3, 00 >1. 245
" 45® .244 £ 33800 <2.79 <1. 122
" 45° .44 2 35300 >3.04 >1. 224
" 45° . 244 335001200 2.74 1.103
g " 45° . 244 3160041000 2.44 .981
g " a5e . 244 3130041000 2.39 .962
‘ " 45° .44 30100+ 1000 2.21 .BOO
" 45° . 244 3010041000 2.21 . 890
. 125000 oo . 809 44500£500 16.02 - .B66
1t A0 . 809 4310012500 15.03 . B46
v 1° .8l19 45000+5G0 16.58 . 882
" o8, 5e . 819 450004500 16.58 1.013

130000 a3° 1-54 5550011000 53100 37.8 1-089
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Table VI - {Continued)

“
toneil Uncorrestad  (Correctsd
gilas e € e
- F(~. 9 ¢
St rength P (= 8) F{-.8) (0705, 0)  (140) (24w)
130000 1l* 850
. 473004200
. 14.54 .
) .. ) ) 1.026
N . 446004700 13
.0
- é: . 2:: 486004200 15.42 1'g§g
" oo :64-9 :?ﬁiﬁﬁ 15. 14 1.070
(4]
Lo - 64 14. 58 1. 030
" 1 ggg 464004200 13. 99 . 987
" 1 ‘em 459004300 13. 69 966
2 . 85 461003200 - )
: 13.84 .
" o | 974
. 852 438004500 2.81 1.085
" 30° . 652 454004200 -
. , 13,
" gg: 652 458004200 13, gé i. igé
" s0- 652 450004200 13. 20 1.08
" s . 652 440004500 12, a2 ;oel
30 . 852 430001800 12. 06 - gé}i
116000 ie L1.387 533004300 53000 38.4 1. 080
” .
30° . E5Q 432004200 45000 12,18 Qa8
113000 2 510 300420¢ )
- 510 483003200 48600 12 1 e 7
119000 Le $944 50800200 50200 226 1. 00z
" Y 3 A ps ) )
" 33 @ . é&?; ‘1&800&3{)(} 1
" 30e 455 407004200 $ 064
S B HO o
45 460 41600+200 - :?U
) . - o 7 i LLD
) o 457 3300041000 ¥
N 4% 303001500 f . ?f
" o . 456 30Y00 LG 4. 4%
) . 459 26004500 o
R i NSRS
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Table VI - (Continued)
ncorracted Corrected
it Tensile 0 2 FE,8) FE.8) (D0, 8) (1) (itw)
Strength d (d .. a4 d )«
ik 124000 300 . 347 390004200 5.28 1. 036
117000 4° V673 486004100 48300 15.70 1.063
" .5 . 326 403004300 5.29 . 985
" 30. 59 . 873 441004500 43900 12.87 1.026
" 30° . 326 348004200 3,97 862
118000 0° .206 34300£100 2.42 1.061
" 0° . 207 34£004200 2.52 1.092
" 45° 206 292004500 1.76 LT3
" 45° . 206 234004200 1.13 . 625
132000 5 1.375 550004800 52400 37.8 1.053
118000 3e 541 465001200 11,7 1.038
R " 30 .540 420001800 9.52 . 986
b " 30 . 260 35800200 3.33 L9331
= o ge L 25% 338004200 2.96 . 843
" =g.ne . 260 335004500 2.92 .93
.ve';” ‘e 44 .5*% . 263 3150041000 2. 61 . 915
115000 500 562 439004200 43900 12.76 1.023
" 10° . 662 411004300 41100 11. 18 .BYT
" AHl® . 656 3“5‘3500 > 39700 »>10. 13 ) >, 851

BRI R E ¥ A W
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UNCLASSIF el
Teble VI - (Continued)
. Uncorracted Corrected
Tenaile 0 b .o ri.e 10°0)y(S, 8 40) (14
oronile (5.8) (2:0)  (O7*)(5.6)  (340)(140)
85000 0e . 657 437001200 48500 15.45 1,074
" 20 . 660 40000+£200 44400 13.01 . 932
a 29.8¢ . 857 379004200 42100 11. 84 2941
118000 30e . 650 3880041000 . .78 . 803
" 30 . 658 41800£200 1.5 . 930
1086000 i° . 827 482004200 50300 2.9 1. 100
132000 3 . 431 428004500 7.90 . 950
" o° . 422 278001200 3. 27 . 395
130000 0° 1.038 509004400 26.8 1.070
1® . H05 +61001300 10.73 1.040
123000 .5e . 669 470004200 48600 14.53 . 987
" 1° . 673 28000+1000 28800 5. 58 L 377
1A7E00 1° 1.055 495004400 47800 4. 1 . 340
108000 Q° 1. 36 49500 +200 50600 4.8 . 984
0° 1.39 508304200 51900 37.4 1.031
o° 1.3% 512004500 52500 28.0 1.048
o° 1.39 590042530 52000 37.6 1.046
0° 1. 359 47 9G0+H00 45900 5.2 . 916
o® 1. 365 472004200 48200 31. 7 . 890
108000 1.5° . 980 45500£200 46300 21.0 L8596
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Table VI - {Continued)

Uncorrected Corrected

Tenaile 9 f_ ~ f_ e" * : 9 -8 5 9 1o 1t+w
Strength y i(d- ) F(d. ) (ro )U(d- ) (Lo)(itw)
116000 o° 1.63 530004500 53000 45.8 - 1.023

" .5° 1.615 532004200 53200 45,7 1.035
o .5He 1. 62 507001500 50700 41,6 . 940
97000 4.50 1. 69 52300£300 55460 51.9 1.113
" 30 . 819 461004200 18800 19.50 1.042
n 20° .82z 44400300 L7000 18.18 1.028
" .823 437004500 - 46300 17. 64 1.087
494004500 48500 23.9 .976
2 5000041000 49100 24.6 . 999

]
487004100 50900 35.0 1. 000

497002200 51900 36. 4 1.040
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Table VII - Plate Penetrstion Coefficients for AP Lowbe vs Clsas B Plate corracted for tensile vtrength

L t5 115000 (1b)/(in)? Tensile Strength at 15°C. .
Uncorrected Correcied a0 w2
Plats  Tensila g : F(=.8 F(S.0 0908.0) (o) 0 G e
: Bomb Number  Strength d " Ny ) ( )”'d' )« (1)

12" SAP UBBAL x8851 121000  21° . 160 2 26200 >1.10 > .85 954
Tt 12.2" BAP T3 3A737A1 107000  20° .162 £ 36000 <36300 <2.20 <l.¢8 . 940
. . - " 20 .xa8 3700041000 37900 471 .93 .88 .940
12" AP Mx 33 8572 110000  20° 598 S8000£2000 38700 5,94 .865 .86 . 940
n K148 109000  23° L4681 £ 41000 <42400 <8, 30 <1.010 . 908
( " " “ 2u° . 460 £ 42100 <45000 <3.51 <1. 080 875
g - . " " " 24.8%  .463 414004300 42300 8.29 1.000 9% . 910
i " - " 30° .483 41000£200 41900 8.14 1.634 '™ . 868
R " K203 113000 19.5%  .484 435005200 43000 9.38 1.023 .99 943
e » " ” 30* 484 £ 38800 <39000 <7.36 < .88 866
- KKT1Y 113000 30° .273 330004200 33200 3.01 .898” .99 . 886
" TT8LS 13000 30.57 L 273 310001700 31200 2.48 .79 .91 .a62
“ noCAZmALl  1LTO00  p9.5° 417 £ 38500 .19 < .u04 .870
S . A3C164A1 108000 20* .479 £ 42400 <4400 <9.02 21. 004 . 940
i ’ o 35K601A1 115000 0 . 168 312002300 31200 2.59 . 809 T . 668
n JACON 1AL 1140600 59,57 I8 SO00+E 300 106K 249 . B <Y 870

14" AP C-20 SA4574A3 116000 15* . 378 400004500 30900 8.3 862 .97 . 966
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Tuble VII - {Continued) L
V-
. Unnorreated  Corrsoted i
x ' - 1% (ag-4)"
Plate Tensils 8 M rl e ¢ 8 oyl g (140) ( 1o ok " lek-uf
soeb Kmbar e y 9 GO (0E)  (Le)(1w) scat
i
14" AP Mk 1 8943 103000 £0.5% . 500 430001700 44,700 .99 1,056 . 04 . 957
" » " P2 ¥R 0 300 40400£200 AL000 8.82 . 958 .99 . 910
" " " 30 < H04 376001200 39100 1.7Q0 . 870 .99 - 868
" " ” 29.5° . 502 402001500 41800 8.77 .99 .97 .87
i
" K34 112000 26 L 397 3900011000 39300 6. 14 A Y B9 .98
" 3B4ZTAL 112000 25* .407 £ 40000 “41100 <8.88 <1, 000 . 96
' ' i
" 1BLAGAS 112000 25° .40)L 365001000 37020 ?.49 . 819 .99 . 208
N
i
" 31017741 106000 29.5° 4084 582001200 +0400 7.%7 . 902 .89 .870
" " " £9.5° 364 2 9000 »40200 >7.50 > LS . 870
i
{
{
t i
r,
)
E ‘ - A
3 ! !
=
N
g}:ﬁ? ﬁi a'ié‘;“ i‘ﬁE Aot ) l'”f‘ BT e

a"u‘ (O ﬁ g"iﬁ‘x‘a‘:§ ﬁf’m i&&xiﬂ.&gﬁai‘n&& a&.&a&:
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REFERENGES |
(Balliatio Data) <

MY S Tely FwnatraCion of cal .60 Bullete of Various Contours®,
H. ¥. Buker and T. A. Rerd, irankford Arsenal Report No. R-815.

(May, 1945)

wfhe affect of the shape of the head of AP shot on eritical veloo-
itins Zor panetration at normal® R. MacPhail, Proot aad Develop-
ment Eetablishment, Valecartier, F. Q. Canada {May 194%). “Hscond
frogress Report on the Iaveatigatiion of Scele Effect ian Arvmour
Panetmation. EREffact of Hardness on Plate Performance™. 0. G. Sopwith,
4. ¥. C. Brown, and V. M. Hickeson, National Fhysical laboratory
Report No. 50 {(February, 1943). "Third Progress Report ¢n the
Investigation of Scale Effect in Armour Pesetration. ¥iring Trials
at Normal atisck with geomesirically similar 3hot against Homogensous
Armour of wvaried Hardness." A. F. C. Brown and V. M. Hickeon,
Nationai Phyelcal Laboratory Report No. 79 (September, 1944).

"panetration 77 [jomogeneous Armor by 3" Flat Nosed Projectiles”

NPG Report No. 7-43 (April 1%43). "vhe Effect of Nose 3hape on
Ballistic Performance of 15 1b. 3® AP 30lid Shot Ag=inst Homogeneous
Armor Plate™, NPG Report No. Z2-45. ’
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